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ABSTRACT

We report on the detection of UV variability and the persistence of X-ray faintness of the X-ray transient narrow-
line Seyfert 1 galaxy WPVS 007 based on the first year of monitoring with Swift between 2005 October and 2007
January. WPVS 007 has been an unusual source. Although it was X-ray-bright in the ROSAT All-Sky Survey, it has
been extremely faint in all following X-ray observations. Swift also finds this NLS1 to be X-ray-faint, not detected at a
3 o upper limitof 2.6 ; 10~7 Wm~2inthe 0.3Y10.0 keV band, confirming that the AGN is still in a low state. During
the 2006 July and December observations with the Swift UV-Optical Telescope (UVOT) the AGN became fainter by
about 0.2 mag in the UV filters and by about 0.1 mag in V, B, and U compared with the 2005 October to 2006 January
and 2006 September to October observations, followed by a rebrightening in the 2007 January observation. This var-
iability can be caused either by a change in the absorption column density, and therefore the reddening in the UV, or
by flux variations of the central engine. We also noticed that the flux in the UVOT filters agrees with earlier mea-
surements by the International Ultraviolet Explorer taken between 1993 and 1995, but spectra taken by the Hubble
Space Telescope Faint Object Spectrograph show that WPVS 007 was fainter in the UV by a factor of at least 2 in 1996.
The flat optical/UV spectrum suggests that some UV extinction is present in the spectrum, but that alone cannot at all ac-
count for the dramatic fading in the X-ray flux. Most likely we see a partially covering absorber in the X-ray. Alter-

natively, the current X-ray emission seen from WPVS 007 may also be the emission from the host galaxy.
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1. INTRODUCTION

When observed at optical or lower energies, radio-quiet AGNs
appear to be rather stable and not highly variable. However, this
picture changes dramatically when AGNSs are observed in the
X-ray. Flux variability by factors of 2Y3 on timescales of days to
months is quite common among low- and high-luminosity AGNSs.
An increasing number that vary by factors of 10Y 30 have emerged
in the last decade, including those in intermediate-type Seyfert and
narrow-line Seyfert 1 galaxies (NLS1s), and there is good evidence
that a substantial part of that variability is caused by (cold) ab-
sorption, in terms of complete or partial covering. Interestingly,
the highest amplitudes of variability have been detected from the
cores of nonactive galaxies in terms of transient flares, interpreted
as tidal disruptions of stars by the black holes at the centers of
these galaxies (e.g., Komossa et al. 2004 and references therein).

NLS1s are objects with extreme properties: they show the steep-
est X-ray spectra, strongest optical Fe ii emission, and weakest
[Oiii] emission (e.g., Boller et al. 1996; Boroson & Green 1992;
Laor etal. 1997; Grupe et al. 2004b). The most common explana-
tion for their extreme properties is that they have a relatively small
black hole mass and a high Eddington ratio L/Lg4q (€.9., Boroson
2002; Grupe 2004; Sulentic et al. 2000). NLS1s are also known
to be objects with very strong X-ray variability (e.g., Leighly 1999).
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The NLS1 WPVS 007 (1RXS J003916.6—511701, RBS 0088;
320000 = 00h39m15.85, 03120000 = —51017/03.0”, z = 0.029;
Grupe et al. 1995) was discovered in a survey of faint southern
galaxies with Hae emission by Wamsteker et al. (1985) and is a
unique X-ray transient AGN. While X-ray transience is typically
associated with an X-ray outburst caused by a dramatic increase
in the accretion rate or the very onset of accretion, the situation is
very different in WPVS 007. During the ROSAT All-Sky Survey
(RASS; Voges et al. 1999), when the source was X-ray bright, the
optical to X-ray flux ratio was in a normal range for an AGN (e.g.,
Beuermann et al. 1999; Maccacaro et al. 1988). However, all
follow-up X-ray observations between 1994 and 2002 using ROSAT
and Chandra found it to have almost vanished from the X-ray
sky (Grupe et al. 2001; Vaughan et al. 2004).

Until recently the cause for the transient behavior of WPVS 007
had been a mystery. Grupe et al. (1995) suggested that this tran-
sience could be due to a temperature change in the accretion disk
that would shift the soft X-ray spectrum out of the ROSAT PSPC
energy observing window. However, in recent years it became
clear that the cause of the transience is absorption. In 1996 July,
WPVS 007 was observed by HST (Goodrich 2000; Constantin &
Shields 2003); a 2003 FUSE observation revealed the emergence
of a broad absorption line (BAL) flow (Leighly et al. 2005; K. M.
Leighly et al. 2007, in preparation). A discovery of a rebrightening
and a following rise in the X-ray luminosity, and in spectral changes,
will set tight constraints on the movement and location of the ab-
sorber and on the nature of the absorption. The high amplitude of
the variability makes WPVS 007 exceptional among the known
cases of absorption variability. In order to detect a possible re-
brightening, and therefore the disappearance of the absorber, we
began a monitoring campaign using Swift in 2005 October.

The Swift mission (Gehrels et al. 2004) was launched on 2004
November 20. The main purpose is to hunt and observe gamma-ray
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TABLE 1
Swift XRT Observation Log of WPVS 007

Segment Start Time? Stop Time? Texp” Upper Limit®
2005 Oct 20, 03:21 2005 Oct 20, 03:54 2025 5.78
2005 Dec 7, 13:29 2005 Dec 7, 13:58 1696 3.42
2006 Jan 5, 00:48 2006 Jan 5, 05:41 3466 1.67
2006 Jul 31, 04:39 2006 Jul 31, 06:30 1610 6.16
2006 Sep 6, 08:19 2006 Sep 6, 11:38 917 .
2006 Sep 11, 05:40 2006 Sep 11, 07:37 2335 5.02
2006 Oct 27, 02:34 2006 Oct 27, 23:33 3228 1.80
2006 Dec 6, 00:02 2006 Dec 6, 06:36 2964 2.70
2006 Dec 12, 00:33 2006 Dec 12, 01:01 1611 3.60
2006 Dec 21, 06:19 2006 Dec 21, 08:15 2273 4.36
2007 Jan 10, 21:21 2007 Jan 11, 00:53 1905 3.05
2005 Oct 20, 03:21 2007 Jan 11, 05:53 23198¢ 1.04°

& Start and stop times given in UT.
b Observing time given in seconds.
® Three ¢ upper limits in units of 1073 XRT counts s .

9 Due to high background during the observation, the segment 005 XRT data were not included in the analysis. Segment

008 does not exist (see text).

bursts (GRBs). However, part of the observing time is used for
fill-in targets and targets of opportunity when no GRB can be
observed. Due to its multiwavelength capacities and its flexible
scheduling, Swift is an ideal observatory of all types of AGNs,
as demonstrated by, e.g., Grupe et al. (2006) for the NLS1 RX
J0148.3—2758 and Markwardt et al. (2005) in the search for
obscured AGNs in the BAT survey. Swift is equipped with three
telescopes: at the high-energy end is the Burst Alert Telescope
(BAT; Barthelmy 2005) operating in the 15Y 150 keV energy range,
then the X-Ray Telescope (XRT; Burrows et al. 2005), which
covers the soft X-ray range between 0.3 and 10.0 keV, and at
the long-wavelength end, the UV-Optical Telescope (UVOT;
Roming et al. 2005). The XRT uses a CCD detector identical to
the EPIC MOS on board XMM (Turner etal. 2001). The UVOT
covers the range between 1700 and 6500 8 and is a sister instru-
ment of XMM’s Optical Monitor (OM; Mason et al. 2001). The
UVOT has a similar set of filters to that of the OM (Mason et al.
2001; Roming et al. 2005). However, the UVOT UV throughput
is about a factor of 10 higher than that of the OM.

The outline of this paper is as follows: in § 2 we describe the
Swift observations and the data reduction, in § 3 we present the
results of the Swift XRT and UVOT data analysis and compare

the UVOT data with earlier IUE and HST spectra, and in § 4 we
discuss the results. Throughout the paper spectral indices are
denoted as energy spectral indices with F,, oc v~ Luminosities
are calculated assuming a ACDM cosmology with Qy = 0.27,
Qx4 = 0.73, and a Hubble constant of Hy = 75 km s~ Mpc 1,
using the luminosity distance of D = 118 Mpc given by Hogg
(1999). All errors are 1 o unless stated otherwise.

2. OBSERVATIONS AND DATA REDUCTION

WPVS 007 was monitored by Swift between 2005 October
and 2007 January. Table 1 lists the Swift XRT observations, in-
cluding the start and end times, the total exposure times, and the
3 o upper limits. Note that we do not include the segment 005
data (2006 September 6) in the XRT analysis because during the
time of that observation the XRT detector was rather warm, re-
sulting in an enhanced detector background. However, the UVOT
data from that time period were not affected. The Swift UVOT
observations are summarized in Table 2. Also note that segment
008 does not exist. WPV'S 007 was originally scheduled for 2006
December 3, but the observations were superseded by the de-
tections of GRBs 061201 and 061202 (Marshall et al. 2006
and Sakamoto et al. 2006, respectively) before the start of the

TABLE 2
Swift UVOT Observation of WPVS 007

V B U uv Wi uv M2 uv w2
Segment Texpa Magcorrb Texpal Magcorrb Texpa Magcorrb Texpa Magcorrb Texpa Magcorrb Texpa 'Vlagcorrb

656 14.28 + 0.01 686 14.50 + 0.01 686 14.53 + 0.01

550 14.31 +£0.01 588 14.48 + 0.01 588 14.55 + 0.01

S ... o ... . 1056 14.27 £0.01 1171 1446 +0.01 1171 1456 + 0.01
155 1514 +0.03 159 1548 +£0.02 159 14.44 + 0.02 319 14.49 + 0.02 118 14.63 + 0.04 615 14.82 +£0.01
55 15.01 £0.05 170 15.38 +0.02 170 14.38 + 0.02 340 14.27 + 0.02 144 1440 4+ 0.03 392 1452 + 0.02
194 1504 +£0.03 194 1537 +£0.02 194 14.30 + 0.02 387 14.26 +£0.01 536 14.42 + 0.01 777 1449 £ 0.01
344 1503 +£0.02 336 1539 +£0.01 335 14.33 +0.01 686 14.26 + 0.01 767 14.47 £ 0.01 767 14.49 + 0.01
245 15112 £0.02 245 1552 +0.02 245 14.43 +0.02 486 14.44 + 0.01 621 14.63 £+ 0.02 978 14.72 £ 0.01
134 15.08 +0.03 134 15.46 +£0.03 134 14.58 £ 0.02 267 14.45 + 0.01 376 14.64 £ 0.02 534 1479 £ 0.01
187 1515+ 0.02 187 1555+ 0.02 187 14.52 + 0.02 374 14.45 £ 0.02 513 14.68 + 0.02 750 14.81 +£0.01
155 1511 £0.03 155 1540 +£0.02 155 14.35 £ 0.02 312  14.35 + 002 373 14.48 + 0.02 625 14.60 + 0.01

2 Observing time given in seconds.

b Magnitude corrected for reddening with Eg_y = 0.012 given by Schlegel et al. (1998). The errors given in this table are statistical errors.
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TABLE 3
Previous UV Observations of WPVS 007

Mission ObsID Grating Start Time? Tepr
IUE............ SWP 48542 1993 Sep 5, 15:58 16800
SWP 52369 1994 Oct 10, 15:30 18900

SWP 56215 1995 Nov 19, 22:00 20000

SWP 56318 1995 Dec 20, 12:47 18000

HST .......... FOS Y3790102T G130H 1996 Jul 30, 13:30 1730

FOS Y3790103T  G130H
FOS Y3790104T  G160L
FOS Y3790105T  G190H
FOS Y3790107T  G270H

1996 Jul 30, 14:46 2110
1996 Jul 30, 15:30 240
1996 Jul 30, 16:29 1500
1996 Jul 30, 18:02 1280

2 Start time given in UT.

b Observing time given in seconds.

¢ A complete listing of all HST FOS observations is given in Constantin &
Shields (2003).

WPVS 007 observations. Segment numbers, however, can only
be used once by the Swift scheduling tool. The segment numbers
in both tables refer to the days Swift observed WPVS 007 (see the
description in Grupe et al. 2006). In the first observation of 2006
December (segment 009) we noticed that the AGN became sig-
nificantly fainter in the UV by 0.2 mag. In order to investigate
this behavior and to get a better estimate of the timescale we
initiated an additional ToO for two pointings of 2 ks each, which
were executed on 2006 December 12 and 21 (segments 010 and
011). Also note that the 2007 January observation was split into
two segments due to scheduling constraints, even though the ob-
servations were performed in consecutive orbits.

The XRT was operating in photon-counting mode (Hill et al.
2004), and the data were reduced by the task xrtpipeline, version
0.10.4, which is included in the HEASOFT package 6.1. Pho-
tons were collected in the 0.3Y10.0 keV energy range. The upper
limits were determined from the background in the XRT. The
photons were extracted with XSELECT, version 2.4. In order to
compare the observations from different missions we used the
HEASARC tool PIMMS, version 3.8. For the conversion we as-
sumed an absorbed power-law model with an absorption column
density at the Galactic value (2.84 ; 10° cm~2; Dickey & Lockman
1990) and an energy spectra slope ax = 3.0. Note, however, that
this is just an estimate, since we do not know what the low-state
X-ray spectrum of WPVS 007 really looks like. For all obser-
vations the counts were corrected with exposure maps.

As listed in Table 2, the UVOT observations were performed
in all filters, except that during the 2005 October and December
and 2006 January observations only the UV filters were used.
Photometry on all UVOT individual and co-added exposures was
performed with the tool uvotmaghist, version 0.1. Extraction re-
gions of 6” and 12" radius were used centered on WPVS 007 for
the optical (V, B,and U ) and UV filters (UV W1, UV M2, and UV
W2), respectively, and the background count rate was measured
with a 20” radius aperture in a nearby source-free region. All re-
ported magnitudes have been corrected for Galactic extinction,
where the reddening in the line of sight to the object is E(B—
V) = 0.012 mag (Schlegel et al. 1998). All data were aspect-
corrected and co-added before measuring the magnitudes and
fluxes. The UVOT uses Vega-based magnitudes with the following
zero points:V = 17.88 + 0.09,B = 19.16 + 0.12,U = 18.38 +
0.23, UV W1 =17.69 + 0.20, UV M2 = 17.29 4+ 0.23, and
UV W2 = 17.77 + 0.20 (Brown et al. 2007).

Prior to the Swift observations WPVS 007 was observed in the
UV by IUE four times between 1993 and 1995, by HST in 1996
July, and by FUSE in 2003 November. In this paper we make use
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Fig. 1.—Long-term light curve of WPVS 007 containing the ROSAT All-Sky
Survey and pointed PSPC and HRI observations, the Chandra data, and the upper
limits derived from the Swift XRT observations. The count rates were converted
by assuming an absorbed power-law model with Ny = 2.84 ; 10%° cm~2 and
ax = 3.0. The arrow on the bottom under Swift displays the upper limit of the co-
added exposures of the Swift XRT observations (23.2 ks). [See the electronic
edition of the Journal for a color version of this figure.]

of the IUE and HST data. Table 3 lists these observations. The
FUSE data will be presented by K. M. Leighly et al. (2007, in
preparation) in a future paper, which will also contain a spectral
analysis of the mini-BALs present in the HST data.

3. RESULTS
3.1. X-Rays

We have not detected WPVS 007 in the X-ray in any of the
monitoring observations performed by Swift so far, as listed in
Table 1. To determine the 3 o upper limits we applied the method
by Kraft et al. (1991). This method determines the confidence
levels for low numbers of counts using the Bayesian method for
Poisson-distributed data. The background in all observations
was measured in a circular region with r = 235" around the po-
sition of WPVS 007. For the source itself we assumed an ex-
traction radius of 23.5”. The 3 o upper limits are listed in Table 1.
We co-added all XRT observations together, except for the 2006
September 6 observation (segment 005), when the background
was too high. From these co-added data with a total exposure time
of 23.2 ks we measured an upper limit of 1.04 ; 10-3 counts s~*
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Fig. 2.—Swift UVOT light curves of WPVS 007. The values are given in
Table 2. [See the electronic edition of the Journal for a color version of this figure.]



€ "B14 ur umoys a1e /00 SAIM
01 aAlle[al suonisod ay | "sanfeA painsesw A[19a.ip ‘palaa1iodun ayl ate sapniubew sy 'SPU0JasIIe pue ‘SaInuIdIe ‘saalfiap aJe UoITeul[dap JO SHUN PUR ‘SPU0JAS PUB ‘SaINuIW ‘SIN0Y aJe uoIsuadse 1ybLl Jo s)uN—'Sa10N

€0°0 F §5°9T €00 F LF9T €00 FEYOT 200 F 8Y9T 200 F9¥9T 200 F &9l €00 F I¥'9T 200 F0S9T  ZM AN
€00 F L0°9T €00 F ¥T9T  +00 F¥T9T €00 F L09T 200 F ZT9T €00 F809T 900 F L09T 200 F LT9T  ZW AN
€0°0 F 60°ST 200 F ¥O'ST 200 ¥ GOST 200 F 80'ST  TOO F ¥OST 200 F ¥OST 200 F ¥O'ST  TOO F90ST  TM AN
200 F T6°€T 200 F 96€T 200 F2Z6E€T 200 FEHET 200 FB8BET 200 F L8ET 200 F 68°€T n OVT VT IS~  L'8T 6E 00 e v Je1s
200 F ¥5°ST 200 F €5ST 200 F ¥9ST  TO0F SSST  TOO F ¥SGT 200 F G9GT 200 F SSST  TOO F0OSST  ZM AN
200 F L2ST 200 FT€ST €00 F8EST  TO0F62ST 200F9EST 200 FGEST  ¥OOF ¥ZST  TOOFSZST 2N AN
200 F 2evT 200 F€E¥T 200 FGEVT  TOOF OE¥PT  TOOFEEYT  TOOF LEWT 200 F ¢€vT  TOOFOEYT  TM AN
200 F T2ET 200 FSZ€T 200 F62€T CO0FTZET TOOFOZET 200 F LZET 200 F TZET n 9T 8T TS~  8TO6E00 € Jas
200 F 66'ST 200 F 86'GT 200 FG6'ST 200 F86ST 200 FE6ST  ZMAN
€00 F LL'ST €00 F 6LST €00 F08ST 900 F8LGT 200 F LLST 2N AN
200 F v¥¥T 200 F 6EVT TO0FOryT 200 FOrvT  TOOFS8EYT TMAN  LYOSTTIS—  ZPSG6E00 o Z la1s
200 F 2eST 100 F 62ST 200 FOTST  TO0F20ST  T00F 92'ST 200 F 2€ST  ZM AN
¥0'0 F 22'9T €00 F 029T #00 F0E£9T €00 F ¥29T €00 F 92°9T 200 F 29T TN AN
100 F 0S°€T 100 F2S€T  TO0FESET  TO0FTISET 100 F OSET T00F0S€T  TMAN  ZES0TTS—  00Z6E00 s 1 Je1s
€T0+2T0 Wawbes  TTOJuswbas  OTO uswles @0 uswBes 200 wawbes  9pQ wewbes 400 Wwewbss €00 Juswbas a4 0'000zfg 0’0002l o walao

£113W030Ud 3Y3 Ul 10443 3y} dUILISIAQ 0} PIS SIBIS 30USI3L3Y 40 IsIT
¥ 319vl



1992 GRUPE ET AL.

o

Star 1

_ Star 4
Star 2 ' X

© . @WPVS007
i . ®stars

aQ

Fig. 3.—Swift UVOT W2 image of the 2006 January observation with the
reference stars as listed in Table 4 and WPVS 007.

in the Swift XRT. Assuming a power-law model spectrum with
ax = 3.0 and Ny at the Galactic value, this upper limit count rate
converts to an upper limit in unabsorbed flux in the 0.3Y10 keV
band of 2.6 ; 10~ W m—2,

Figure 1 displays the long-term light curve of WPVS 007. The
ROSAT values were taken from Grupe et al. (2001), and the
Chandra data point from Vaughan et al. (2004). The light curve
shows that WPVS 007 is still in a low state, and the upper limit of
the co-added Swift observations is consistent with the ROSAT PSPC
and HRI detections. Note that Figure 1 uses PSPC counts, which
were converted by PIMMS assuming a power-law spectrum with
ax = 3.0 and Ny at the Galactic value.

3.2. UVOT Photometry

The magnitudes in the UVOT filters are given in Table 2, and
previous UV observations by IUE and HST are listed in Table 3.
The errors quoted in Table 2 are statistical errors. As listed in
Table 2 and shown in Figure 2, WPVS 007 became fainter in the
optical filters by about 0.1 mag and by about 0.2 mag in the
UV filters in the 2006 July and December observations, respec-
tively, compared with the observations obtained in 2005 and
2006 January and 2006 September and October. The AGN be-
came brighter again by about 0.2 mag in the 2007 January ob-
servation, which was about 3 weeks after the last observation
in 2006 December. From the current light curve as shown in
Figure 2, the AGN seems to be variable in the optical/UV on
timescales of a few weeks to several months.

In order to determine whether this variability is real or just
within the uncertainties, we picked four field stars of similar mag-
nitude to that of WPVS 007 as reference stars and compared their
magnitudes segment by segment. Table 4 lists these four stars
with their coordinates and magnitudes in U, UV W1, UV M2,
and UV W2 with statistical errors. Figure 3 displays where these
stars are located relative to WPV'S 007. Note that during some of
the observations not all four stars were in the field of view of the
UVOT. U magnitudes could only be given for stars 3 and 4, be-
cause stars 1 and 2 were too bright in the U filter, so they suf-
fered significantly from coincident losses. Also note that stars 1
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Fig. 4—UV observations of WPVS 007. The data points show the Swift
UVOT observations from 2006 January, the black spectrum shows the HST
observation from 1996, and the gray spectrum shows the average of the IUE
observations from 1993, 1994, and 1995 December. [See the electronic edition of
the Journal for a color version of this figure.]

and 2 were not in the field of view during some of the observa-
tions. As shown in Table 4, the variance in the field stars is small
compared with the variability observed in WPVS 007. Therefore,
we consider the UV variability found in WPVS 007 to be real. The
change by 0.2 mag in the UV filters observed during the 2006 July
and December observations is larger than the uncertainties be-
tween the measurements in the field stars.

WPVS 007 has shown variability on timescales of months be-
fore between the IUE and HST observations from 1993 to 1996.
Figure 4 displays the Swift UVOT measurements from 2006
January, the HST spectrum from 1996 (Goodrich 2000; Constantin
& Shields 2003), and the IUE spectrum averaging three spectra
taken between 1993 and 1995. We excluded the 1995 November
observation due to strong cosmic-ray events during that observa-
tion. The data shown in Figure 4 are the observed data, uncorrected
for reddening. The IUE spectra and the Swift UVOT data seem to
agree. However, the HST spectra show a significantly lower flux
than the IUE and Swift data. Dunn et al. (2006) have presented an
online database® of UV continuum light curves of Seyfert gal-
axies, which also shows that WPVS 007 displayed significant
variability in the UV between the IUE and HST observations.
One possible reason for the lower flux in the HST data is a mis-
alignment of the source in the 1” aperture in the HST FOS.
However, as listed in Table 3, the AGN was observed during sev-
eral orbits, and the fluxes in all these spectra agree with each other.
A 1" aperture is also rather large compared to the 0.1” resolution.
Therefore, we exclude a misalignment as the cause of the lower
flux in WPVS 007 during the HST observation in 1996 July. Note
that Winkler et al. (1992) report V = 15.28 + 0.03,B = 15.77+
0.03,and U = 15.15 + 0.03. While the small differences in Vand
B can be explained by the different central wavelength between
the filters used by Winkler et al. (1992) and the UVOT, the dif-
ference in U suggests that WPVS 007 is variable in U.

3.3. Spectral Energy Distribution

Figure 5 displays the spectral energy distribution of WPVS
007 using 2MASS NIR data derived from the NASA/IPAC Ex-
tragalactic Database, optical/UV data from Swift’s UVOT from
2006 July, and X-ray data from the Chandra observation in 2002
(Vaughan et al. 2004). The Chandra data are displayed as an

6 See http://mww.chara.gsu.edu/PEGA/IUE.









